THREE-DIMENSIONAL SWITCH PROVIDING PACKET ROUTING 
BETWEEN MULTIPLE MULTIMEDIA BUSES 



Field of the Invention 



The present invention 
data Touting in digital 
packet routing betjween 
transmission such 



relates to -the integration of three-dimensional switches for use in 
packet networks. The present invention is particularly applicable to 
multiple mnltimedia buses for support of multimedia data stream 
as audio and video data streams in a timely manner. 



Background to the Invention 
In data communic^ation networks, data packets are transmitted from a source node to a 
receiver node, Uj on receipt, packets are checked for correctness and then acknowledged. 
In the event of an error, packets are retransmitted resulting in an unordered packet stream. 
The receiving node reorders arid reassembles the packets, to reconstitute the original data. 
In traditional data conimunication networks, the emphasis has been to ensure that 
complete and conect data is eventually received at the receiver node. Whilst the timing 
and receipt order packets is not seen as critical, obviously the faster and more ordered 
the received series of packets is, the better. Switching fabrics for traditional networks 
such as Ethernet and ATM are well known in the art. Recently, additions to these 
traditional switching fabrics permit quality of service to be supported, thereby achieving a 
guaranteed average rate of transmission of packets. 

However, in the case of multiniedia data streams, the ordering and timing of constituent 
packets in a reccdved data strekm is critical. Therefore, there is demand for stream 
transport and coj responding Switching fabrics that are able to guarantee transfer of 
packets in a timely manner, (normally a guaranteed packet transfer each clock cycle). For 
example, the requirements may be that a packet transfer is guaranteed to occur eveiy 125 
micro seconds. Ihere may be a further requirement for low latency between source and 
receipt nodes. For higji quality multimedia traffic, clocks within all nodes within the data 
network may neec . to be synchronised (i-e. have the same fiequency). 
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Cmrent switching 
at allj nor do they 
must be ased in 
video streaming, 
ability to control 
synchroniidng the 



systems and corxesponding algorithms do not guarantee packet transfer 
guarantee packet transfer in a timely manner. Therefore, large buffers 
combination With deliberately introduced latency to achieve high quality 
The buffers; aad^latency are used to give a receiving node time the 
packet time ..jitter- Clock synchronisation is rarely supported and 
docks on each node is an extremely complicated task. 



There exist multimedia . buses; designed to support asynchronous and isochronous 
protocols. Such buses typically have an arbitration scheme to support the two protocols. 
The buses guarantee isochronous packet transfer by managing both bandwidth and 
resources. As th€ bus is completely in control of the communications medium (itself), 
guaranteed timely packet delivery is possible. However, hardware limitations means that 
buses can only support short distance connections and the number of connected devices 
along a bus is linrited Fi^emore, in contrast to a network, a bus can only allow one 



source to transmit 



delay. There is a 
communication xi 



data atany one timfi. 



There is thus a widely recognised need for, and it would be highly advantageous to have, 
a method of routhig data packets tiirough a switch allowing concurrent asynchronous and 
isochronous pacbst routing wi& the ability to prioritise certain data packets. In particular, 
accepted isochronous data packets must be routed with priority to ensure no blockage or 
Esorresponding need, and it would be highly advantageous to have a data 
etwork that unplements ihe said method. 



Statement of th e Inventio^a - „ 

According to a first aspect of the present invention^ there is provided a method for routing 
data packets thrcugh a switch fabric connecting a plurality of broadband buses, said 
switch fabric coiataining a plurality of switches each with several ports and having 
between them, the switch fabric being connected to said buses using 



interconnections 



3D portal devices, tho method comprising: 



the switches in a three-dimensional architecture providing horizontal 
ding to addresses and vertical data routing according to packet types; 
an allocation procediire to manage the bandwidth resources of said 
assigning routing tables at the switches and portals; 
encapsulating packets fprior to forwarding to the switch fabric; and, 

1 hop-by-hop padcet flow through said switches of said switch fabric; 
iX)ntrolled by an output port with an output port state machine and an 
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(a) connectinj 
data routing accor 

(b) executing 
fabric res ulting 
(c) 

(d) executing 
said packet flow 
output port conceilitrator 
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10 The present 
bridging and 
system supports 

(a) support o; 

(b) avoidance 
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guaranteed 
avoidance 
automatic 
frequency 
20 (h) support 

assignmen; 
assigned an optimid 
Q) routing 
and, 
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comiecting 
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(d) 
(e) 
(f) 
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(i) 



In particular, the 
and the related data flow 



seeks to provide a switching fabric system and method capable of 
together a number of multimedia buses. The switching fabric 
following tasks and features, among others: 
f asynchronous and isociironous protocols: 
of data transfer blockages during operation; 
data packet;deiiv€3y with no packet loss; 
isochronous packet delivery in a timely manner; 
of data congestion over the switching fabric; 
: system configuration; t,( 
: synchronisation over all buses within the switching fabric; 
of [variable fimne si2:e up to 2Kbytes; 

of channel numbers for isochronous streams, each channel being 
channel route; 

isdchronous data packets by channel instead of by destination address; 



of unicast, multicast and broadcaster data packets. 



present invention relates to a packet flow control management system 
control and routing method over the switching fabric- 



30 Packet flow may be controlled by said output port state machine, a RQRS protocol and a 
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MLIP protocol 

The method may further comprise; executing a RQRS protocol for negotiating a primaty 
packet transfer, said RQRS protocol comprising the steps of: 

(a) selecting at a switch output port a primiary packet to be transferred and generating 
a fabric request data packet; 

(b) transferrin j the fabric request packet over the switching fabric to an adjacent input 
port; 

(c) deterininiDg acceptability^ of the fabric request andh^generating a fabric response 
packet indicating jjrant or denial of the request; and, > 

(c) transmitting said fabric response packet back to the originating switch and 
inputting the deniiil or giant of said selected packet to the output port state machine. 



The method may 
15 coimection, CIO, 
of: 



fiirther comprise: executmg said MLIP protocol for sharing a 
between a plpraility of packets, said MLIP protocol comprising the steps 



(a) receiving c ata at input ports while transmitting a packet; 
(hi) checking for interrupt conditions while transmitdng; 

(c) in the event of interrupt, ^jonditions, ceasing transmission of the current packet, 
20 transmitting a control character indicating end of transmi3sion, storing necessary data 

needed to subsequently resume the transmission, and starting negotiating a new packet 
transfer under said RQRS protocol; and 

(d) upon endirg a packet transmission, checking if an intermpted packet is awaiting 
completion and re<;uming transmission of any interrupted packet. 



The output port conceatrator may select the next packet to be forwarded from the output 
memory, comprising: 

new packet to be transferred if: 
is in idle state ^d at least one packet is ready for 



(a) selectmg a 
(i) said output port 



transmission; and 
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(ii) said output p({)rt 
full, and interrupt 

(b) selecting 
group including 
number, a queue 

(c) starting sa^d 
of said selected picket' 



is cuirenfly in 'transmission state while a new packet has arrived in 
conditions are met; 

packet to be transferred according to parameters selected from the 
layer priority when higher layer equals higher priority, a rejection 

and natural priority; and 
RQRS protocol'process utilising a switch timer for the management 
;'s denials. 



the 



a 



size 



According to a 
readable medium 
general purpose 
broadband buses 
each with severa. 
being connected 
means for connecting 
hori2!ontal data r 
packet types; 
means for 
fabric resulting 
means for e 
means for executing 
fabric; and, 
means for control 
and an output port 



executing 



[with 



The computer 
by said output por: 



second aspect -of the present inveatiort, tliere is provided a computer 
on which is^stored a computer program of instructions for controUiiag a 
computer to route, data packets in a switch febric between a plurality of 
to a switch fabric, the switch fabric containing a plurality of switches 
ports and having interconnections between them, the switch fiibric 
said buses using portal devices, comprising in combination: 

the switches in a three-dimensional architectare providing 
■outing according to addresses and vertical data routing according to 



an allocation procedure to manage the bandwidth resources of said 
assigning routing tables at the switches and portals; 
jncapsijlating packets^prior to forwarding to the Switch fabric; and, 

a hop-by-hop packet flow through said switches of said switch 

ing packet flow firom an output port with an output port state machine 
concentrator 



readable 



medium may further comprise means for controlling packet flow 
state machine/ a RQRS protocol and a MLIP protocoL 



The computer readable medium may further comprise means for executing a RQRS 
30 protocol for negotiating a primary packet transfer, comprising: 
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means for selecting at a switch output port a primary;'' packet to be traaasferred and 
generating a fabric request data packtet; 
means for transfexring the fabric request packet over the switching fabric to an adjacent 
input port; 

means for determining acceptability 6f the fabric request and generating a fabric response 
packet indicating grant or denial of the request; and, 
means for transmitting said fabric . response packet back to the originating switch and 
inputting the denial or grarrt of said selected packet to ^e output port State machine. 



The computer 
protocol for 
means fox 
means for upon n 
means for 
packet, 

data needed to 



rreceiviag 



, transmitting 



gut 



means for upon 
awaiting co: 



port 



means for selecting 

(i) said output po]! 

(ii) said output 
full, and interrupt 
means for selectiijig 
group including 
number, a queue 
means for startihg 



refidable medium may further comprise means for executing said MLIP 
shaiijag a connection, CIO, between a plurality^ 6f packets, comprising: 
data at input ports while transmitting a packet; 
'isjceipt of a full packet at an input port checldng for interrupt conditions; 
detect! Qg the event of interrupt condi tions, ceasing transmission of the current 
a control character indicating end of transmission, storing necessary 
ibsequently resume the transmission, and starting negotiating a new 
packet transfer uider said RQRS protocol; and 

ending a packet transmission, checking if an interrupted packet is 
mpletjion and resuming transmission of any interrupted packet. 



The output port concentrator may select the next packet to be forwarded from the oulput 
memory, selectio: i being peiformed^by : 



a new packet to be transferred if: 

is in idle state and at least one packet is ready for transmission; and 

is currently in transmission state while a new packet has arrived in 
conditions are met; 
the packet to be transferred according to parameters selected firom the 
layer priority when higher layer equals higher priority, a rejection 
!, and natural priority; and 

said RQRS protocol process utilising a switch tuner for the 
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management of said selected packet's denials. 



According to ano her aspect of the jftesent invention, therfif is provided a switching fabric 
connected in a thjee-dimensional architecture providing horizontal data routing according 
to addresses and vertical data routing according to packet types, the switch fabric 
including a plura lty of input. and output ports for connection to a bus or othear network 



traffic carriers* 

Output ports of at 
switch to formth«i 

Each switch may 
switch is rested 



The switching 
the output ports 
the next packet to 



fabric may further comprise a concentrator connected to at least some of 
o|f at least some of the switches, the concentrator being arranged to select 
be forwarded from the output ports to exit the switching fabric. 



According to a 
communications 
of buses and facil: 
plurality of buse 
switching fabric 
array of CIO 
for data flow 
plurality of said 
transfer. 



Preferably, each <[)f 
memory organisation 



least soifie'df ^he switches may be connected to an input port of another 
three-dimensional architecture- • ^ 

have a numeric identifier n, wherein the nth input and output of the 
for transmission ahd receipt of switch fabric routing packets. 



further aspect- of the present invention, there is provided a data 
ifietwork including'a switching fabric system inter-connecting a plurality 
tating inter bus isochronous and asynchronous data communication, the 
5 being connected to said switching fabric via portal devices, the 
comprising a plurality of switches interconnected by a three dimensional 
conpections, the network fiirther comprising a network management node 
control for transferring packets from one of said buses to at least one of a 
buses, thereby enabling unicast, multicast and broadcast of data packet 



said switches is a three-dimensional switch having an output port 
to support said inter-bus data communication. 



10 



15 



20 



25 



30 



Preferably, each biis is a multimedia broadband bus of the IEEE1394 type. 



Rrief Descriptic m of the Drawings 



Detailed Description 



An example of the present invention will now be described in detail, with reference to the 
accompanying drawings, in which: 
Figure 1 is a schematic diagram of a multimedia switching fabric according to one aspect 
of the present invention; 
Figure 2 is a hi|;h level schematic diagram illustrating the architecture of a switch 

according to Figare 1; 

Figure 3 is a schematic diagram illustrating one layer of switching circuitry of the switch 
of Figure 2; 

Figure 4 illustrates! a single output pop, queue arrangement used in the present invention; 
Figure 5 is a chamiel input output local loop demonstrating fabric request packet flow; 
Figure 6 is a scher^tic diagram illustrating a fabric request packet format; 
Figure 7 is a flow :hart illustrating the operation of the RQRS protocol; 
Figure 8 is a scheifiatic diagram illustrating the operation of an output port state machine; 
and, 

Figure 9 is a flow ijhart illostrat^g the operation of an output port concentrator algorithm. 



In the present invention^ a switched fabric connects several multimedia buses such as 
IBEE-1394 buses. The following describes a method for deterruimng an optimal route for 
stream requests and management of the febric bandwidth in an optimal way in accordance 
witii the present ijivention. Allocation of each stream channel (for example, audio and 
video data stream idgnals) is performed via a negotiation process- 



Throughout the 
of which are knowja 
SWITCH 



following description a number of technical terms are used, the meanings 
to the skilled reader but provided below for reasons of clarity: 
electroinic circuitry capable of directing received data to none, a selection or 
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First 



infut 



all of its outputs. 
MULTIPLEXER 
different outputs. 
FIFO - (First in 
5 memory is the firsi; 
QUELFE " a FiFq 
arrival, 

CIO - channel i 
between two switches 

10 UNICAST-adat£. 
MULTICAST -a 
BROADCAST -a 
ISOCHRONOUS 
are transmitted at 

15 be delivered, 

ASYNCHRNOUS 
packet delivery is 
of asynchronous 
PRIMARY PACKET 

20 types are: asynchi 
packet 

SWITCH FABRKp 
to negotiate a 
STATE MACHDSfE 
25 actions and conditions 



electronic circuitry capable of directing one input to one of many 



out) a mernory organization in whicli=the first word written to the 
to be read. 

memory used for^storage of several packets, organized by order of 



output, also knowa as a point to point connection. A connection 
or between a switch and a portal 
comroiinication between a single sourcei,and a single destination, 
data communication between a single source and multiple destinations, 
data communication between a single source and all destinations. 
PACKET a packet routed by chaimel number. Isochronous packets 
predetermined clock frequency. In each'time cycle^ one packet has to 

PACKET . a packet routed by destination address. Asynchronous 
given lower priority fhati isochronous packet deliveiy. Delivery tuning 
ppckets is not frequency limited and is frequently on a best effort basis, 
a packet that is originated in a multimedia bus- Allowable packet 
onous request^padket, asynchronous response packet and isochronous 

PACKET - a packet generated in the switch fabric output ports used 
prinjaiy packet transfer* 

- describes the logical behaviour of a machine. Each state has its 
to move to the other states. 



Figure 1 is a 
invention, 
structure is permi 
30 fabric connects 



schematic diagram of a possible switch fabric for i^e in the present 
However, switch fabrics can be as large as required and any connection 
tied. A number of switches 11 are connected together. The switch 
butes 10 via IEEE-1394 bus portal devices 12, Both IEEE-1394 buses 10 



chi 



and bos portals 12 
is the physical 
switches 11. A 
duplex). A channp! 

1, fibre optic 

2, coaxial caples* 

3, UTP unshielded 

4, Wireless 



reinitialised. The 



10 



are well knoNvn to the skilled reader, A channel input output 13 (CIO) 
correction betwe&n ^ switch 11 and a bus portal device 12 or between two 
lannel can carry data and control data movement in both directions (full 
il may be constructed from one or more of data carrier media, such as: 
cables. . ^ " ^ 



twisted pair or STP (shielded twisted pair) cables, 
connection (such as electromagnetic radiation). 



In the event of a^iy fabric topology change or during power up, the switching fabric is 



initialisation process includes: 



1 - selection c f a network manager from one of the available switching devices in the 



network, 
2. collection 



of network topology data by the network^manager. 



3 , initialisati( m of routing tables. 



hiih 



Figure 



Figure 2 is a 
according to 
being dependent 
the destination oi' 
packet type. 



|h level schematic diagram illustrating the architecture of a switch 
1. The switch is formed in three dimensions, the first dimension 
the source of a data packet, the second dimension being dependent on 
a data packet and the third dimension being dependent on the data 



cn 



Each input port in a small FIFO (First in First out memory organization) buffer 20 for 
storing the incoming packets. Packets received at a FIFO buffer 20 are treated differently 
depending on their type. If the incoming packet is an IEEE1394 primary packet it is 
routed to an appropriate layer 22 according to its type selected from the group including: 
Asynchronous Request packet, Asynchronous Response Packet and Isochronous Packet 
If the packet is a iabiic protocol packet it is processed and the processing result is routed 
to the adjacent output port. That is, if the fabric protocol packet was received in port K 
input buffer it wil] be written to, a buffer specially reserved in the K output port. All input 
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oil 



Each layer 22 is a 
given input port 
table- The networjc 
the switching 
routing tables 
the routing tables 
routing tables. 



iwitohing device in its own 'right capable of routing a message from any 
that layer tci'my given output port on that layer according to a routing 
manger is responsible for maintaming >the routing tables throughout 
devices. Asynchronous packet routing is determined and written to the 
initialisation while routing data for isochronous streams is written to 
Aming allocation of die stream resources. Other than maintenance of the 
the [network manger takes no further part m the packet flow process. 



;duriag 



Packets arriviag a: 
according to a 
selected to be 
machine electronic 
selecting and 
switch. The 
the output ports. 



schematic diagram 
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one or more moltipleKers 21, 



the switching device 20 are routed to one of the switches output ports 
routing table, stored in the output port memory queues and wait until 
for^^ard by. a concentrator block 23. Thevponcentrator block 23 is a state 
circuitry managed by a switch processor that is responsible for 
forvjrarding the data either to a connected IEEE1394 portal or to another 
conctjntrator block is responsible for selecting packet to be forwarded from 
The operation .of the concentrator block 23 is described m more detail 
to Figure 8. 



below with referer ce 



20 Each layer 22 has a switching circuitry, an example of which is illustrated in the 



of Figure 3. 



The switching layijr 22 has four switches 30, each having an 8-bit data path, A primary 
packet forwarded to the switching layer 22 will be arrive at the switch 30 that is 
associated with th*^ packet's originating input port. Each s^yitch 30 directs received data 
packets to one or more of the output ports, A switch 30 may direct data to none of the 
output ports, to all of the output ports (broadcast) or to any selective combination- Switch 
operation is controlled by control bits and is done as part of a switched fabric protocol by 
a switch processor However, a switch 30 will never direct a packet to the output port 
30 adjacent to the swi tch input port (input port K will never write to output port K)* 
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Each output por: 
simultaneously i 
they are directed 
memories of an 
ports (except 
"between the 
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has a FIFO memory 31 linked to each switch 30* Data coming 
from more than^^one. input port will be written simultaneously because 
to different ^ETFOitoemories 31. A coiicentrator 32 linked to the FIFO 
c utput port aggregates aU packets comirigifrom all layers and all input 
ob\iously the adjacent input port). The concentrator 32 is the gateway 
outpi it port memory, and the CIO 13. 



Figure 4 illustrates a single output port queue arrangement used in the present invention. 

10 The illustrated oiJtput port is the first outbound port therefore it accumulates only input 
ports 2, 3 and 4. lie packets are sorted in different queues foraiing a matrix as is shown 
in Figure 4, Many configurations are possible for implementing the queue memory, for 
example a queue may be maintained by FIFO meraoiy or a shared multi port memory 
with pointer management in thfe; switch processor, Tn addition a small FIFO is maintained 

15 for switch fabric packets. Switch fabric packets are used to negotiate the transmission 
path of primary I]5EE1394 packets. For an outbound port^K the switch fabric paxsket are 
directed to inbouid port K. 5uch packets are then routed in the switch to the switch 
fabric packet FIFO, . 



As can be seen in 
First Layer 
Second Layer 
Third Layer 
Fourth Layer 



However, any other 
switch according 
priority by the 



Figure 4 the layer arrangement is selected in this example to be: 
Isochronous messages. 
Management messages. 
Asynchronous response messages. 
Asynchronous request messages. 



arrangement may be selected without effecting operation of the 
to the present invention. Switch fabric packets are given the highest 
conlcentrator and is always forwarded before any other packet. 



30 The flow of data packets in a network incorpomting a switch according to the present 
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invention will novr be described- Packet flow is automatic without requiting maaagement 
intervention- Packet flow is performed by a hop-to-top negotiation protocol Packets 
originated from a bus with a" remote bus destination are read by a portal on the bus 
responsible for di'ecting the packets to the switch fabric. Portals are also the point on a 
bos at which packets from' reinote^^destinations are received from the switch fabric. A 
portal has a proce ssor that can perfomi packet operations. The portal packet operations 
may be done before forwarding the packet to the switch fabric, or after receiving the 
packet from the SM^itch fabric and before transmitting the packet over the destination bus. 



The switch fabric 



Joes hot perform any primary packet operation. 



Before forwarding; a packet to the switch fabric, a portal encapsulates the packet with a 
header quadlet (32 bit computer word) and a trailer quadlet The header may include the 
related mfoiroation: packet size, routing address, packet type, and 
negotiation, field. The trailer moludes data for error detection. 



following fabric 
request response 



15 Information in a h sader is usedtp generate an associated switch fabric packet. The switch 



fabric packet and 
protocol. 



its generation is described in detail below with reference to the RQRS 



The data flow is controlled by: 
An output port sta :e machine; 
The RQRS protocol; 
The MLP protocql; and. 
The concentrator. 

Figure 5 is a channel input, ouljjiit local loop demonstrating fabric request packet flow. 
The flow of the switch fabric packet is a loop over the CIO. A switch febric packet 
orighiated by swit^;h n output port 1 is referred to hereafter as a fabric request packet. The 
fabric request packet is forwarded to switch m port 2. Switch m input port 2 processes the 
request utilizing tie switch processor, the outcome of this process is a fabric response 
packet Because tlie request was received on port 2 the response will be forwarded to 
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output port 2, The fabric packet is received on switch n port 1 and forward to the outptzt 
port 1 to complete a full cycle. In similar way, a request packet can be originated in 
switch m at port 2. The same applies also to connections between a switch and a portal. 

An output port generates a fabric packet locally and after completion of a full cycle the 
same output port c iscard it. A fabric packet will be returned to its originator on the same 
CIO that transmitt ^d it 

As is illustrated, connections are point to point and the output port number used for febric 



packets is always 
and output port 1, 



coupled and adjacent to the input port'^number used (in switch n input 
in switch m input and output port 2). Fabric packets are generated and 



passed to negotiates the transmission of prinsaiy lEEEl 394 packets. A febric response may 
be grant or denial of the packet flow. Grant or denial of packet flow is determined in 
dependence on th(? status of the^destination queue and whether the queue has sufficient 
stor^e space. 



If a portal nego tialing an asynchronous primary packet receives a denial it will prevent the 
requesting output port from sending the packet, and the packet remains in storage. If the 
portal keeps rece^^ing getting packets there is a risk for queue to become full. In the event 
of portal queue becoming full, the portal link layer will return an 'ack_busy' (as define in 
J 6.2.5.2.2) and discard the incoming bus packet 



IEEE1394 clause 



The isochronous 
isochronous queues 



Figure 6 is a schematic 
packetisatwo-i 
for detecting error^ 



packet bandwidth network allocation process guarantees that no 
will ever become congested. 



diagram illustrating a fabric request packet format A request 
■quadlet packet consisting of the packet header and an inverse quadlet used 



The packet header quadlet has the following fields: 



Packet Size. 
Routing address. 
Packet type. 
Request/response 



address 



The routing 
defines the target 
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field. 



is an address to a routing table. The data retrieved from the table 
output port or ports for the packet. 



Packet Type has fipe following values: 
Isochronous 
Management 
Asynchronous Response 
Asynchronous request 

Req/Res has the fpUowing values: 
rEEE-packet=0- 
Request packet = L 
Response packet j;rant " 2, 
Response packet deny = 3. 
Management-packet =4. 



Figure 7 is a flow 
port needs to 
primary packet 
may receive either 
the said sAvitch 
request the switch 
output port 
forwarded to the 



response 



header 



chart illustrating the operation of the RQRS protocol. When an ou^ut 
forward a primary packet it creates a fabric request packet based on the 
and sends it to the adjacent input port in step 70. The input port 
a fabric request packet or a fabric response packet generated earlier by 
oijtput port. The packet type is determined in step 71. If the packet is a 
processor processes it in step 72 and the response is forwarded to the 
queue in step 73, Otherwise, if the packet is a response it is 
rtsponse queue in step 73 without processing to complete a full cycle. 
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The output port n^ads packets irom the response queue in step 74 and checks if the packet 
is a response to im. earlier request generated by itself in step 75. If this is the case the 
packet is discarded and the output port is updated according to the response (either grant 
or denial) in step 76. Alternatively, if the fabric packet is not a response, the packet must 
be a response thai was generated by the input port to a remote adjacent switch request. In 
this case the output port will forward the corresponding packet at the highest priority level 
in step 77, ^' 

The MLIP (mulli-layer intemXpt protocol) enables the sharing of the switch fabric 
interconnections (CIO) between'^the- asynchronous, isochronous and switch fabric packet 
types. 

While a switch output port is transmitting a packet it is still able to receive information 
from the input ports. This information will interrupt the current transfer in the following 



cases: 
A fabric response 



packet has krived* (in full) and the time to finish the current transfer is 



larger than a profsrammable parameter (TINT) that prevents the interrupt if the current 
transferred packet is small or'^most of it already been sent. The interrupt process 
introduces a certain overhead in the system flow therefore the justification for the above. 
An isochronous packet has arrived (in full) while an Asynchronous packet is being 
transferred and tinjie to complete thej Cuirent transfer is larger than TINT, 

interrupted is placed in a memory so it can be continued once the 
has been transferred. 



A transfer that is 
interrupting pack^ 



character is sent 
incoming packet 



If a decision in the output port has been made to interrupt the cuirent transfer a control 



While receiving a packet, the adjacent input port is monitoring the 
If a packet is terminated before its size reaches the header size it means 
that the packet was interrupted the input port will stack all the necessary state parameter 
so it will be able 1o continue the transfer fi-om the point it was stopped. The output port 
then starts the transmission of a febric request packet and following a fabric routing path 
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graat it transnuts 
transmission is 
sent before will 



the iixteirupting packet. Once the transfer is complete, the inteirupted 
resumed from the point it was interrupted (only the remaining data not 
transmitted). 



be 



5 The intemipt 
asynchronous 
response waiting 



nae4hanism n:iay be nested, that is, an isochronous packet may interrupt an 
packet and the isochronous packet may itself be intemipted by a fabric 
br the adjacent remote port. 



Figure 8 is a 
The idle state AO 
to be stored in the 
If a queue is i 
If a packet in a 
is checked by 
predetermined 
a packet is o 
transmission the 
one packet 
concentrator logic 



The request state 
forwarded, a switth 
step 8S to the s^taie 
request packet has 
wait for a responsje 
will interrupt any 
a short time. If a 
the request respohse 
discarded (usually 
been returned it i<\ 
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scheinatic diagranj'iUustrating the operation of the output port state machine, 
(80) is the state in witch the output port is waiting for a complete packet 
output port memory* The switch controller is monitoring all the queues, 
idenliified that is not empty and the packet is not denied than state in step 81. 
quleue is encountered that has been denied before, the time since the denial 
sampling the switch clock. If the time from packet denial is larger than a 
pa-ameter TDENY then its denial bit status is reset, When transmission of 
om]>leted and there is no interrupted packet waiting for completion of 
sltate machine returns to the idle state AO in step 82. If there is more than 
waiti3i|ig in the': output port memory, a packet is selected according to the 
described in^detail below. 



Al (83) is an intermediate state. After selecting a primary packet to be 
fabric request packet is genemted. The. state machine then moves in 
TX3 (92) for transmitdng the request to the adjacent port. After the 
been sent we return in step 89 to the state Al (83). In state Al (83) we 
to be received. Because this type of packet has the higjiest priority it 
other communication therefore the re^onse packet must be returned in 
ijesponse pack^e is tardy and exceeds a predetermined timeout, TREQ, 
session is aborted and the primary packet associated with it is 
a tardy response indicate a connection feilure). When a response has 
checked. If the request has been denied it records the current clock 



IS 



time and associate ss this record with the primary packet. The state machine then returns to 
state AO (80), If tie request has been granted, the state machine moves in step 84 to state 
TXl (90) if the pj imaiy packet is an' isochronous packet Or in step 86 to state TX2 (91) if 
the primary packet is an asynchronous packet M step TXl or TX2, the primary packet is 
transmitted. After returning from state TXl (90) or state TX2 (91) to state Al (83) in 
steps 85 or 87 resipecdvely, the state machine checks if there is an interrupted packet in 
which case it resipnes the interrupted transmission by moving again to state TXl (90) or 
TX2 (91)- 



TXl 



While in state 
input ports. In 
controller will 
the state machine 
sending another 



the 



delermine : 



Figure 9 is a flow 
It is common to 
therefore selects 



The concentrator 
memoiylnfiillj, oi 



(90) and'TX2 (91)^ Ihe port memory: is still receiving data from the 
event of a^complete package arrival to the port memory the switch 
if the current transfer has to be interrupted. Upon such an event 
returns to state Al(83) and starts negotiating a new packet transfer by 
s^tch fabric request packet. 



chart illustrating flie operation of an output port concentrator algorithm, 
hgive more than one packet at the output port memory. The concentrator 
t|ie next packet to be transmitted. 



algorithm starts^ in step 100 each time a packet arrives to the output port 
aft^ a previous selected packet is denied. 



A selected packet 
after positive com 
portal. If the negMation 
Otherwise, if it is 
select a new contender 



is referred to below as a contender packet and will be transferred only 
pletion of a preliminary negotiation step with the destination switch or 
succeeds then the switch fabric starts traMmitting the packet 
denied, the system starts tiie concentrator process again in order to 
packet 



In addition to the 
parameters are useld 



queue location in the output matrix as described in figure 4, two fiirther 
for each of the queues: 
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• The qtieue size, this reflects the amomat of the quexie memoiy in use (the queue 
may hold several packets). - 1^^^ 

• Queue rejection number, each' time another queue is, selected and the queue is not 
empty this number is incremented; If the queue has been selected and the packet 
(head packet) transmission was granted then the queue rejection number is reset. 

In step 101, if a switch fabric response packet is detected m the switch fabric queue it is 
selected for transr mission in step-108. Higher output queue layers (1 is higher than 2 in the 
illustrated examp es) always has overriding priority over lower output queue layers- la 
step 102 the queixe of the highest output layer that has at least one packet that is not 
denied is selected. This means that no matter how many asynchronous packet have been 
accumulated in queues, as long as there is a queued isochronous packet it will always go 
first. After seleci ing the hi^es't layer, if more than one queue of the same layer has a 
packet, each queue's rejection number is examined. The queue with the higher rejection 
number is selected in step 109, If more than one queue has the same highest rejection 
number, the queue size is examined in step ICS and a packet fiom the queue with the 
higher queue siztj is selected in step 110. However, if, after selecting a layer and 
examining rejection numbers and a queue's size, there is still a tie, the leftmost queue is 
selected in step IC 7* . £ ^ 

After selecting a packet, the output state machine is updated in step 111 and the 
negotiation RQRS protocol is started- If a packet is being transferred during the selection 
of a new packet a decision must be made if it is necessary to interrupt the current transfer, 
as described abov<5. 

If an asynchronou; J packet receives a denial, if the connection is ftom a switch output port 
to a porta] input j ort no additional action is taken. However, in all other cases a queue 
rotation is perforated. This means that the first packet in queue will be moved to the end 
of queue in a cyclic manner (second packet will become first) in order to prevent 
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made. 



While the i 
it will be 
invention may be 
In the metibod clalbis 
provided for 
steps. 



inventi<bn has been described with respect to a limited number of embodiments, 
appreciated that many variations, modifications and other applications of the 



con\^emence 



that follow, alphabetic characters used to designate clahn steps are 
only and do not imply any particular order of performing the 



